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RESEARCH ARTICLE
Use of Palm Trees as a Sleeping Site for Hamadryas Baboons (Papio
hamadryas hamadryas) in Ethiopia
AMY SCHREIER1,3! AND LARISSA SWEDELL2,3
1
PhD Program in Anthropology, The Graduate Center, City University of New York, New York, New York
2
Department of Anthropology, Queens College, City University of New York, New York, New York
3
New York Consortium in Evolutionary Primatology, New York, New York

Hamadryas baboons sleep on cliffs throughout their range, and this can be attributed to the safety cliffs
provide against predators in the absence of tall trees. In this paper, we report the first documented
occurrence of hamadryas baboons sleeping in doum palm trees rather than on cliffs. Data derive from a
study of hamadryas baboons at the Filoha site in lowland Ethiopia. During all-day follows, data were
collected on travel patterns, band activity, and location. Variation in the baboons’ home range was
characterized using vegetation transects. We discovered that one band in this population, Band 3,
occasionally slept in doum palm trees (Hyphaene thebaica). The palm tree sleeping site differed from
other palm fragments in the baboons’ home range in that it contained a higher density of palm trees.
Possible factors influencing this unique use of palm trees as a sleeping site include access to palm fruit,
avoiding contact with Afar nomads, avoiding sharing sleeping cliffs with other bands, protection from
predators, and the lack of cliffs in a section of the baboons’ home range. Evidence from this study
suggests that the palm tree sleeping site is used because it affords better protection from predators than
other palm fragments in an area of the band’s home range that does not contain cliffs. Am. J. Primatol.
!
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INTRODUCTION
Baboons and other primates appear to choose
sleeping sites based largely on the amount of
protection they provide against predation [Cowlishaw, 1994; DeVore & Hall, 1965; Hamilton,
1982]. Suitable sleeping sites are those that limit
predators’ access and/or enable primates to detect
approaching predators [Anderson, 1984, 1998]. Primates may also select sleeping sites for their
proximity to food sources and as a result of
competition with conspecifics [Anderson, 1984,
2000]. Most primate populations, including many
baboons, sleep in trees [Altmann & Altmann, 1970;
Anderson, 1984, 1998; Anderson & McGrew, 1984;
Hamilton, 1982]. Unlike other baboons, hamadryas
baboons (Papio hamadryas hamadryas) habitually
sleep on cliff faces, presumably because their habitat
differs from that of most other baboon populations in
containing few trees appropriate for sleeping or
aggregations of tall trees that would support a whole
group. Although other baboon subspecies do sometimes sleep on cliffs as well [Hamilton, 1982; Whiten
et al., 1987], the hamadryas baboon is, to date, the
only subspecies that has been found to sleep
exclusively on cliffs throughout its geographic range
[Erer-Gota Ethiopia: Kummer, 1968; Awash River,
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Ethiopia: Nagel, 1973; Saudi Arabia: Biquand et al.,
1992; Kummer et al., 1981; Eritrea: Zinner et al.,
2001; Filoha, Ethiopia: Swedell, 2006].
In this paper, we report the first documented
occurrence of hamadryas baboons sleeping in doum
palm trees (Hyphaene thebaica, Arecaceae; Fig. 1).
The Filoha outpost of Awash National Park, Ethiopia, provides a unique habitat for hamadryas
baboons in that it includes an area of about 2 km2
of natural hot springs, which provide enough ground
water to support doum palm trees in what is
otherwise a semi-desert environment. At least two
sleeping sites for Band 3 of the Filoha population
of baboons, unlike other hamadryas populations,
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Fig. 1. Hyphaene thebaica, Areceae.

consist of doum palm trees rather than cliffs. In this
paper, we describe the palm tree sleeping sites and
examine several hypotheses to explain why this
population sleeps in trees here and not in other
areas of their range.
METHODS
This study took place at the Filoha outpost
of the Awash National Park, Ethiopia (9160 2700 N,
40100 5000 E) from March 2005 through February
2006. Permission to conduct research at Filoha
was granted by the Ethiopian Wildlife Conservation Department, and protocols were approved by
the Queens College IACUC. Several bands of
hamadryas baboons populate the Filoha region,
two of which, ‘‘Band 1’’ (‘‘Group 1’’ in Swedell
2000, 2002a,b, 2006) and ‘‘Band 3’’ (‘‘Group 3’’),
have been studied intermittently since 1996
[Swedell, 2000, 2002a,b, 2006]. At the time of
this study, Bands 1 and 3 consisted of approximately
210 individuals and 400 individuals, respectively.
(Band sizes are approximate as it is difficult to
obtain accurate counts of infants and small juveniles
owing to their small size and unknown identity.)
Although Band 1 was the main focus of our
observations, Band 3 was also followed and observed
on days that it had slept on a known and accessible
sleeping cliff the previous night and Band 1 could
not be located.
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The home ranges of both Bands 1 and 3 consist
of Acacia scrublands, open grasslands, and cliffs, all
of which are typical of hamadryas habitat in other
parts of their geographic range. Unlike many other
areas inhabited by hamadryas baboons, however, the
Filoha area also contains palm forests and swamp
vegetation (Fig. 2).
There are at least four cliffs in the Filoha
vicinity. The Filoha cliff is located about 200 m from
camp. It is 1.5 km long and its height ranges from 9
to 18 m; it is 12 m high at the baboons’ sleeping site.
It is situated adjacent to hot springs and palm trees
grow along its base. Although there are enough palm
trees here to support a whole band of hamadryas and
the baboons often spread into palm trees when they
reach the cliff in the afternoon, they move out of the
trees by dark and appear to sleep only on the cliff
itself. The Wasaro cliff is located about 4 km west of
Filoha. It is at least 2.5 km long, its height ranges
from 21 to 42 m, and it is 32 m high at the baboons’
sleeping site. A third cliff is located about 4 km
further west of Wasaro near the village of Sabure,
and the fourth is situated about 3 km east of Filoha;
the baboons only rarely sleep on these cliffs [Swedell,
2006; Hailemeskel, personal communication]. Band 1
likely sleeps on additional cliffs as they have
disappeared from the Filoha and Wasaro regions
for periods of up to a month long—during which time
Afar nomads reported that the baboons slept on cliffs
near Mount Fantalle, southwest of Wasaro—but
these sleeping sites have not yet been identified.
Two palm forests occupy the Filoha region—one
stretches east from the Filoha Cliff and encompasses
2 km2 of natural hot springs and the other is located
northwest of the Filoha cliff and covers .4 km2—both
of which comprise several fragments. (A third palm
area is located northeast of the Filoha Cliff, but its
size and composition have not been quantified.) We
defined fragments as consisting of continuous palm
trees with a total area estimate of at least 100 m2.
Clumps of two to ten palm trees are scattered
throughout the Filoha region, and were considered
part of a palm fragment if they were within 100 m of
any point of the closest fragment. To more finely
characterize the structure of palm forests, we
conducted 50 " 4 m (50 m long " 2 m on each side)
transects oriented as close to 01 as the terrain
allowed, in 15 palm fragments. We included every
fragment in which Band 3 was observed over the
course of the study period. We recorded the abundance of palm trees and the number of crowns on
each tree (trunks usually split at #4 m or higher,
separating into two or more crowns; Fig. 1);
measured the trunk circumference and calculated
the diameter at breast height (DBH); and calculated
density as the number of palm trees per square
meter.

Palm Tree Sleeping Site for Hamadryas Baboon / 109

Fig. 2. The Filoha region of Awash National Park, Ethiopia showing important landmarks, habitat variation, and the home ranges of
Bands 1 and 3.

Behavioral Observations
Data on baboon ranging patterns, habitat use,
and sleeping cliff use derive mainly from all-day
follows of Bands 1 and 3 conducted by A.S.
(accompanied by a local field assistant and/or a park
scout) in 2005–2006. Observations made by L.S. in
1996–1998 (described in Swedell 2002b, 2006) also
contribute to the patterns discussed here. During
both study periods, baboons were located at their
sleeping cliff at 0600 h and were followed until
1800 h, or for as long as possible until the baboons
had to be left to arrive at camp by dark. Over the
course of the 2005–2006 study period sunrise
occurred between 607 and 649 h, and sunset occurred
between 1806 and 1849 h. During all-day follows, the
geographic center of the band was mapped every
15 min using a handheld global positioning system
(GPS) unit, and data on general band activity and
habitat locations were recorded. Observation distances ranged from 10 m on sleeping cliffs up to 25 m
in Acacia scrublands and palm forests. Nightly
sleeping sites were noted whenever a known band
was observed on a cliff at dusk or at dawn the next
morning. The home range of each band was
calculated as the minimum convex polygon which
included all recorded locations using ArcView 3.1
software (ESRI, Redlands, CA; Ostro et al., 1999).
Day ranges from the 1996 to 1998 study period also

contributed to the depiction of Band 1’s home range
(Fig. 2). As at other Ethiopian hamadryas sites, Afar
nomads are present throughout the baboons’ home
ranges, and all encounters with Afar were recorded.
Between March 2005 and February 2006, Band 1
was followed for 1342 h over 159 days and Band 3 for
280 h over 50 days. During this time Band 3 regularly
separated into two or more subgroups, sometimes for
several days at a time. Observations from January
and July 2004 (and 1996–1998; see above), before the
start of the main study period, also contributed to
these analyses.
RESULTS
Over 290 nights between March 2005 and
February 2006, Band 1 slept on the Filoha cliff on
155 nights and on the Wasaro cliff at least 73 nights.
The baboons arrived at these sleeping sites between
1545 and 1730 h on 98 of the 100 days for which we
have data; on the other 2 days they were traveling
north along the Filoha cliff toward the sleeping site
at 1730 and 1800 h, respectively. At least part of
Band 3 slept on the Filoha cliff on 136 nights and on
the Wasaro cliff at least 18 nights. The baboons
reached these sleeping sites between 1600 and 1730 h
on 38 of the 46 days for which we have data. On the
remaining 8 days the baboons were within 400 m of
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the Filoha cliff and traveling toward the sleeping site
between 1730 and 1745 h.
Although Band 3 regularly slept on the Filoha
cliff and was occasionally observed sleeping on the
Wasaro cliff, it was also absent from the Filoha and
Wasaro regions for extended periods of time. In both
January and July 2004 Band 3 could not be located
on either the Filoha or Wasaro cliffs for 2 consecutive
weeks. Afar nomads had reported that the baboons
slept in palm trees in Doho—an area northeast of the
Filoha outpost named for the nearby Afar village—
but we were unable to locate a typical hamadryas
sleeping site there. Doho includes Acacia scrublands,
open grasslands, palm fragments, and swamp vegetation, but no cliffs.
Finally, in 2005, the Doho sleeping site was
located. On April 20, 2005 about half of Band 3 was
followed all day from the Filoha cliff. The baboons
traveled northeast from Filoha and into a palm
fragment in Doho, where they spent most of the day.
At 1630 h the other half of Band 3 (those baboons
that had not slept on the Filoha cliff the previous
night) began to arrive from further east; by 1645 h it
seemed that the whole Band had reunited, and most
of the baboons began to climb up the palm trees. By
1700 h all of the baboons were resting in trees and
were still doing so at 1730 h when we had to leave the
baboons to return to Filoha before dark. On the basis
of the late time of day (compared with the baboons’
normal arrival time at their sleeping site; see above)
and the fact that no baboons had been seen traveling
since 1630 h, we reasoned that the baboons slept in
the palm trees in which we left them.
On May 23, May 27, and July 3, 2005, during allday follows of at least part of Band 3, the baboons
arrived in the late afternoon at the same location in
the palm fragment where they presumably slept on
April 20 (as confirmed with a handheld GPS unit).
By 1730 h all of the baboons were resting in the trees
and, when we left to return to Filoha, were spread
over about 25 trees on both sides of a small river
(#2.5 m wide) that winds through this palm fragment. In each instance, we concluded that the
baboons slept in this location overnight because (a)
their late afternoon activity patterns and arrival
time were similar to those observed at the Filoha and
Wasaro sleeping cliffs just before the baboons settled
down for the night and (b) it is rare for a hamadryas
band to commence travel to its sleeping site after
1730 h [Schreier & Swedell, unpublished data]. On
April 28, June 1, September 28, and November 25,
the baboons were within 200 m and traveling toward
this sleeping site at 1730 h, and we presumed that
the baboons slept here because of the late time of
day, and the direction of travel and proximity to the
sleeping site. Unfortunately, rivers and swamps
render the Doho palm forest inaccessible before
dawn (during the day, bridges can often be constructed) and it was thus impossible to locate the
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baboons before they began daily travel in the
morning to confirm that they had slept at the site
all night long.
Characteristics of the Doho Sleeping Site
The Doho sleeping site had the highest density
of palm trees of the 15 palm fragments in Band 3’s
home range; it contained .095 trees per square
meter, whereas the density of the 14 other palm
fragments ranged from .025 to .065 trees per square
meter. The palm trees themselves, however, did not
differ from those in the other palm fragments in
either DBH or number of crowns. The mean DBH of
palm trees in the sleeping site was 25.3 cm and the
mean number of crowns per tree in the sleeping site
was 2.75, falling within the ranges of 22.6–37.2 cm
mean DBH and 1.8–3.6 mean number of crowns of
the 14 other palm fragments. Although tree height
was not measured, the palm trees in the Doho
sleeping site appeared to be taller than those in other
parts of the range.
Other Sleeping Sites
In addition to the sleeping site described above,
the baboons probably slept in at least one other
location in Doho during this study. On May 30, July
7, and November 20, at least part of Band 3 traveled
into the Doho sleeping site between 1500 and 1600 h,
but then continued further northeast through Acacia
scrubland toward a palm fragment that appeared to
be surrounded by swamp vegetation and water. The
baboons were followed to the edge of the swamp and
left there between 1730 and 1745 h as they continued
traveling through the swamp toward the palm trees.
On the basis of the late time of day, the direction of
travel toward the palm trees, and the absence of cliffs
and other trees suitable for sleeping within 1.5 km,
we presumed that this was a second palm tree
sleeping site. Owing to its inaccessibility, a vegetation transect could not be conducted and so the
characteristics of this site could not be compared
with other palm fragments.
Overall Patterns of Use of Palm Tree Sleeping
Sites
As described above, at least part of Band 3 slept
in palm trees on a minimum of 11 nights, as inferred
from observations of the baboons resting in the Doho
sleeping site or within 500 m and traveling toward
either the Doho sleeping site or the presumed second
palm tree sleeping site at 1730 h. Additionally, it is
possible that at least part of Band 3 slept in Doho on
many of the 126 nights that their sleeping site was
not known; on 89 of these nights we confirmed that
they did not sleep on either the Filoha or Wasaro
cliffs, and they were last observed traveling toward
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Doho and/or traveling from the direction of Doho on
subsequent days.
Band 1, however, showed no evidence of sleeping
in palm trees. Of 159 observation days, Band 1 never
entered the palm fragment in which the Doho
sleeping site is located despite regularly traveling
within clear sight of it. On several occasions both
Band 1 and at least part of Band 3 began the day at
the Filoha cliff and traveled together northeast
toward Doho, but then separated about 200 m from
the palm fragment, at which point Band 3 continued
northeast into it and Band 1 veered northwest
through Acacia scrubland. Although much of the
bands’ home ranges overlap, only the home range of
Band 3 includes most of Doho (Fig. 2).
DISCUSSION
During this study, we discovered the use of
doum palm trees as a sleeping site by hamadryas
baboons. Interestingly, Band 3 at Filoha slept in
palm trees whereas Band 1 did not. We propose the
following hypotheses to explain this unique use of
palm trees as a sleeping site: (a) the Doho site offers
greater access to palm fruit; (b) Band 3 uses the Doho
site to avoid contact with Afar nomads; (c) Band 3
uses the Doho site to avoid sharing a sleeping site
with another band; and (d) the Doho site offers
protection from predators in a section of Band 3’s
home range that lacks cliffs.
Hypothesis A: Band 3 uses the Doho site because
it offers greater access to palm fruit. Band 3 may sleep
in palm trees to reduce travel distances associated
with foraging on palm fruit, a preferred food item
[Swedell, 2002b; Swedell et al., submitted]. If Band 3
sleeps in palm trees to gain greater access to palm
fruit then they should be expected to concentrate
their foraging on palm fruit in the vicinity of sleeping
sites both early in the day and shortly before settling
down for the night, especially when at Doho. Despite
the presence of palm trees, Band 3 rarely foraged on
palm fruit while at the Filoha cliff sleeping site.
Furthermore, the day’s initial foraging bout, in
which the majority of the band foraged on palm
fruit, always occurred at least 1 km away from the
Filoha cliff sleeping site. As the baboons were never
followed from Doho in the morning, comparable data
on morning foraging from the palm trees sleeping
site are not available. We have more information
about the final palm fruit foraging bout of the day,
which, overall, occurred no later than 1430 h and
almost 2 km from their eventual sleeping site on all
but 3 days. One exception occurred on April 20, when
the entire band fed on palm trees at 1500 h at the
Doho sleeping site, where they spent that night. On
the other two occasions, Band 3 foraged on palm fruit
o1 km from the Doho sleeping site as late as 1700 h
but then traveled over 2 km to approach the Filoha
cliff sleeping site just after 1730 h.

Another approach to this question is to look at
seasonal variation in palm fruit abundance.
Although Band 3 did most frequently sleep in palm
trees between April and July, when palm fruit was
plentiful, the baboons were also presumed to have
slept there at least three times between September
and November when very little palm fruit was
available.
Although these data are only preliminary, they
indicate that the baboons routinely travel considerable distances to feed on palm trees, and rarely feed
on palm fruit at or very close to sleeping sites, but
that Doho may be an exception to this general
pattern. In sum, we cannot rule out the possibility
that Band 3 sleeps at Doho to obtain greater access to
palm fruit and thus cannot yet reject Hypothesis A.
Hypothesis B: Band 3 uses the Doho site to avoid
contact with Afar nomads. A second possibility is that
the Doho palm trees are used as a sleeping site
because this area is less impacted by humans than
other parts of Band 3’s home range. As at other
Ethiopian hamadryas sites, Afar nomads are present
throughout the area. Although the Afar do not hunt
baboons and do not appear to greatly impact their
grouping and ranging patterns [Schreier, in preparation; Swedell, 2006], they do often yell at, chase, and
sometimes throw stones and sticks at the baboons.
Band 3 may thus sleep in the Doho palm trees rather
than the Filoha or Wasaro cliffs to avoid contact with
Afar.
Band 3 encountered Afar nomads 41 times
during the main study period, an average of .82
times per day, and half of these encounters occurred
at sleeping sites. Afar regularly travel along the top
of the Filoha cliff and climb down it in the middle of
the baboons’ sleeping site, and they did so on at least
10 of the 42 days that the baboons were followed
either from or to the Filoha cliff. Similarly, Afar are a
common presence at the Wasaro cliff sleeping site
due to its proximity to a large Afar village, and the
baboons encountered Afar here on six of the eight
mornings that they were followed from this sleeping
site. Several Afar passed through the Doho sleeping
site each of the four times the baboons were observed
resting there between 1630 and 1730 h. Twice Afar
boys began to yell and throw sticks at the baboons
from outside the vicinity of the sleeping site before
they could even see the baboons, suggesting that
both the Afar and the baboons use this site regularly.
In sum, the Doho area appears to be frequented by
Afar as much, if not more, than the Filoha and
Wasaro areas, so we can reject Hypothesis B.
Hypothesis C: Band 3 uses the Doho site to avoid
sharing a sleeping site with another band. Hamadryas bands are typically quite tolerant of one
another at sleeping cliffs (forming ‘‘troops’’ when
two or more bands share a sleeping site [Kummer,
1968; Swedell, 2006]), but relationships among bands
can sometimes be agonistic as well [Swedell, 2006].
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Both Band 1 and at least part of Band 3 slept on the
Filoha cliff on at least 83 nights (40% of the nights
for which we have such data) during the main study
period, and we never observed either band depart
when they met each other at the Filoha cliff sleeping
site in the late afternoon. It is possible that, while
Bands 1 and 3 tolerate each other at sleeping sites, it
was the presence of another band, with whom Band 3
has a more agonistic relationship, which motivated
their use of Doho as an alternate sleeping site.
However, Band 3 never traveled to the Doho sleeping
site from another occupied sleeping site upon
encountering another band, and the Filoha cliff
sleeping site—the closest known sleeping site to
Doho—was only occupied by another band on half of
the nights that Band 3 slept in Doho. There is no
evidence, therefore, to suggest that Band 3 sleeps in
the Doho palm fragment to avoid sharing a sleeping
site with another band, and we can thus provisionally reject Hypothesis C.
Hypothesis D: The Doho site offers protection
from predators in a section of Band 3’s home range
that lacks cliffs. Baboons’ selection of sleeping sites
in the order of cliffs, emerging trees, closed canopy
trees, and open woodland trees corresponds with the
amount of safety they likely provide, suggesting that
protection from predators is the basis for sleeping
site choice [Hamilton, 1982]. Nocturnal, terrestrial
predators of baboons in the Filoha area include lion
(Panthera leo) and spotted hyena (Crocuta crocuta),
and both can sometimes be heard near the Filoha
cliff at night. (Over 290 nights, lions were heard from
Filoha camp on 80 nights, and hyenas on 174 nights;
hyenas were encountered just after sunrise once at
the bottom of the Filoha cliff and twice at the Wasaro
cliff.) Historically, predators of baboons in this area
also included leopard (Panthera pardus). Despite the
presence of predators, no predation events were
witnessed; the baboons did alarm call in response to
lion vocalizations at night and when hyenas were
encountered during daylight, but alarm calls were
not systematically recorded so rates of alarm calling
cannot be calculated. Although nocturnal predator
presence near the Wasaro and Doho sleeping sites
was not systematically assessed, we sometimes heard
lion vocalizations as we approached the Wasaro cliff
before dawn and encountered their footprints several
times in and around palm fragments in the Doho
area, suggesting predation risk throughout Band 3’s
home range.
In the absence of cliffs, the baboons may sleep in
palm trees if they provide better protection than
other available trees. Moreover, the high density of
trees in the Doho sleeping site makes it distinct from
other palm fragments in the baboons’ home range,
and this may explain why they sleep in palm trees
here but not elsewhere. Dense tree cover likely helps
to conceal the baboons and provides the possibility of
escape routes between trees, rendering it a safer
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place to sleep than the other palm fragments in their
home range. (The water surrounding the presumed
second palm tree sleeping site likely makes this palm
fragment less accessible to predators as well, compared with other palm fragments in the area.) In
sum, the presence of predators throughout Band 3’s
home range, the lack of sleeping cliffs in this section
of their range, and the high density of palm trees in
the Doho sleeping site support Hypothesis D.
The fact that Band 3, but not Band 1, sleeps in
palm trees seems to be related to differences in their
home ranges. The home ranges of the two bands
overlap extensively and they share at least two
sleeping sites [Swedell, 2002b, 2006], but the range
of Band 1 lies slightly farther to the southwest than
that of Band 3 (Fig. 2). Band 3’s home range was
calculated based on only 50 days, and therefore their
actual home range is probably much larger than that
depicted here and, based on reports from Afar and
the locations where the baboons were encountered
after periods in which they could not be located, most
likely extends further northeast. The Doho area,
which lies to the northeast of Filoha and Wasaro, is
thus within the home range of Band 3 but not Band
1. Doho is also unique in that it is the only part of
either band’s home range that does not include cliffs.
The Doho sleeping site, therefore, may simply be the
most suitable place to sleep in the absence of cliffs in
this part of Band 3’s home range.
In summary, it does not appear that Band 3 at
Filoha sleeps in palm trees to avoid contact with
humans or avoid sharing a sleeping site with another
band. It is possible that the Doho sleeping site offers
increased access to doum palm fruit, a preferred food
item, but we do not yet have enough data to draw
this conclusion. Rather, available data suggest that
the high density of palm trees at Doho renders it a
more appropriate sleeping site than other palm
fragments in the area. Presuming that the baboons
would choose to sleep on cliffs over trees in the
presence of both, as suggested by Hamilton [1982],
the Doho palm tree sleeping sites may provide
enough protection from predators to serve as
second-choice sleeping sites in the absence of cliffs.
The distinctive presence of doum palm trees in the
Filoha region as a whole may thus provide this
population of hamadryas with suitable trees for
sleeping that are typically unavailable throughout
their range.
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